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Since farm people are being urged to increase their supply of home 
produced meat, i t  is imperative that n canning procedlare be recommended 
which not only is adequate to prevent danger from harmful bacteria 
but also is as economical of time as is consistent with safety. When spores 
of Clostridium botulinulm develop in food tlmy produce n toxin so pdent  
tliat n minute amount if eaten is sufficient to cause death. While this 
seldom happens in canned meat, contaanination with these spores from 
the soil may occur ~vlien animals are slaughtered even under the best of 
conditions found on Texas farms and ranches. This study was made to 
fincl the lowest prgcessing periods ~vhich nTou1d destroy Clostridium 
botulinum in canned meat and make it n safe food. 
The procedure recommended is as follo~vs: . 
First: Pack cold meat into containers, leave unsealed and heat 
for a specified time in a cooker from which steam is escap- 
ing. The time a t  which sfealm starts to flmv from the 
cooker in n steady stream markis the beginning of "Steam- 
ing time." "Steaming time" varies in length according 
to the size of container as follows: 
No. 1 cans 30 minutes 
No. 2 cans 60 minutes 
NO. 3 ca$ns 90 minutes 
Pint jars 60 minutes 
Quart jars 80 minutes 
Next: Immediately af'ter bbsteaming time" is ended, seal the con- 
tainers, retnlm thcnn quickly to the hot cooker, and be@ 
processing a t  once. Process a t  15 pounds a.ccording to size 
of container for the folloxving p d o d s  of time: 
No. 1 cams 50 minutes 
No. 2 cams 60 minutes 
No. 3 cans 85 minutes 
Pint jars 60 minutes 
Quart jars 75 minutes 
Finally: As soon after processing as the pressure on the gauge re- 
turns to zero, remove tin cans and cool quickly and fhor- 
oughly in colld water. Leave the glass jars in the open 
cooker until the liquid inside stops bubbling, %hen remove 
them and allow to cool in air a t  room tempmature. 
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During the war emergency, farm people a r e  being urged, to  increase 
their preservation of home produced foods as  much as possible in order 
to relieve the strain on processing and transportation facilities and yet 
equately fed. This report of safe processing periods is as  timely 
it had been planned for war use. When the work was begun, tin 
only were used since they may be cooled much more quickly than  
jars, but when the shortage of tin developed, the  plans were changed 
:lude pint and quart  glass jars. 
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Len meat is canned a t  home on Texas farms and ranches, a whole 
3s is frequently canned in one day. Under these circumstances, it  
ies especially important t o  use the  shortest processing time con- 
t with safety. 
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Clo 
Dubo' 
onrl f 
2 Bureau of Home Economics, in 1936 and in 1943 ( 9 )  recom- 
ed that ground beef be processed a t  15 pounds pressure for  90 
'es in No. 2 cans and pint jars and 12C s i n  quart  jars. 
I homemakers had found tha t  meat woul " perfectly with 
shorter processes. The Texas Extension n 1940 (7)  rec- 
ommended 50 minutes for No. 1 cans, 65 minutes for No. 2 cans, 80 
minutes for No. 3 cans, 75 minutes for pint, and 90 minutes for quart  
jars. In certain parts of Texas, however, objections to the meat canning 
program 'were encountered among a few physicians because of the  fear 
tulinus poisoning if inadequate processing periods were used. 
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lstridium botulinum is widely distributed in nature. Meyer and 
vsky (6 )  found this organism in virgin soil, in  cultivated garden 
3eld soils and their products, and on vegetables and fruits bought 
various cities and towns in California where this study was made. 
! organism is a strict anaerobe, growing only in the  absence of a i r  
at temperatures from 20°C (6S°F)  to 37.5"C (99.5OF) on most 
inary media. According to Kelser ( 5 )  i t  is quite fastidious in its 
lia reaction requirements, a neutral o r  alkaline medium being neces- 
T for best luxuriant growth. I t  will not grow in highly acid media. 
nt.at resistance of the spores is  far  from uniform. Esty and Meyer ( 3 )  
nd that the spores of Clostridium botulinum in juices.of 17 varieties 
canned food resisted heating a t  100°C ( 2 1 2 ° F )  for  periods varying 
n less than 1 0  minutes to 230 minutes and tha t  a t  105°C (22 1 OF, 
onnds pressure) the heat resistance varied from 3 to 80 minutes for 
strains of Clostridium botulinum. Thus there is always a chance 
t meat may become contaminated with a highly resistant strain. 
dification greatly lowers the thermal death point, the spores being 
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most heat  resistant in media of neutral reaction. Young moist spores 
are the most resistant. 
When animals a r e  killed a t  home, even under the most favorable 
conditions, such as  under a tree in the  yard or pasture, there is a pos- 
sibility of meat becoming contaminated with soil containing botulinus 
spores. Under less favorable conditions the possibility of such contam- 
inat ion is increased. Experimental work was needed to  find the lowest 
processing periods' which would kill these spores and thereby make the 
mea t  safe from the  toxin produced by this organism. 
Nelson and Knowles of North Dakota ( 8 )  used a sealing temperature 
of 8 6 ° F  ( 3 0 ° C )  but Texas people have been taught for  years by their 
Extension Service workers to use a high sealing temperature follonTed 
brmula 
anning 
I 
Since the destruction by heat of t he  spores of Clostridium botulinum 
depends on the temperatures reached and the lengths of time they are 
maintained i t  becomes important to determine what temperatures are 
reached and for how long they a r e  maintained. Heat penetration studies 
supplied this information. The heat penetration data were used for 
calculating processing times using a complicated mathematical fc 
which had previously been tested extensively in commercial c( 
plants. 
Actual destruction of live spores was used as  the final proof 01 sare 
processing. 
In all of these tests the  temperature of t he  meat in the cans a t  seal- 
ing time was as  high as  180°F.  This is an  important point because lower 
sealing t empe ra tu~es  increase the time needed for processing. Se 
methods of obtaining this high sealing temperature were tested. 
Hating Before Sealing 
by immediate processing. Using such directions, shorter processing peri- 
ods a r e  required. Thus any recommendation of processing periods must 
set up the  conditions used in heating before sealing. 
veral 
- Heating before sealing drives air out of the container and reduc 
chance of breaking the  jars or  of bulging the seams in tin cans ( 
t h e  processing under pressure. The higher the sealing temperatu 
shorter will be t he  time under pressure needed for the  meat t o  reach a 
temperature high enough to make it  safe. 
Various methods have been recommended for obtaining a high tem- 
perature in the  can before sealing: 1. boiling in a kettle and packing 
hot, 2. Cooking in an  oven or  in deep fat  and packing hot, 3 .  packing 
cold and heating under pressure, and 4. packing cold and heating in 
flowing steam. The first three methods were found to have the follom- 
ing objections: When meat is boiled in a kettle or cooked in  an  oven 
or in deep fat  before packing, i t  is somewhat difficult to pack and if 
the packing process is delayed to  obtain a full even pack, the tem- 
:es the 
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ure of the meat when sealed may be lower than  180°F. When 
meat is packed into containers and heated under pressure ( 7 ) ,  the  
3rature of the meat inside i s  frequently raised above the  boiling 
of water. After the  fire is turned out the  meat temperature may 
rove that of the cooker for several minutes even af ter  the  pressure 
3 has returned to  zero (Fig. 1 ) .  I f  the  petcock is opened and the  
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Chart I .. Heat penetration curves for No. 1, 2, and 3 cans daring heating at 15 
pounds pressure before sealing. . 
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?moved as  soon as  t he  gauge returns to zero, liquid is seen to have 
drawn out of t h e  containers so t h a t  frequently only a small amount 
t. Without a n  elaborate se t  up  for recording temperatures inside 
.ontainers, i t  is impossible to know just when to  stqp tfie heating 
ss so tha t  this condition will not occur. 
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e fourth method was found to  be the most satisfactory. Cold or  
meat, which is easy to  handle, is packed into jars or cans. The 
uncovered containers are placed on a rack in a cooker containing boiling 
water to within 2 inches of the  top of the  containers. (Glass jars must  
be set in cool water so that  the  temperature of the meat inside and t he  
n-ater outside does not differ enough to cause breakage.) The cooker 
adjusted, tightening only one pair of clamps. The  heat  is turned 
11 and time is cdunted as  soon as  a continuous straight jet of steam 
es from the petcock ("flowing steam"). For  No. 1 cans "flowing 
,,,s~" should be maintained for 30 minutes, No. 2 cans 60 minutes, 
and No. 3 cans 90 minutes. For  pint jars the  time is 60 minutes, for  
quart jars 80 minutes. Tests have shown tha t  by using this method 
the meat temparture is  raised to  around 200" F. (Figs. 2 and 3) .  This 
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 art 2. Heat penetration curves for Wo. 1, 2, and 3 cans during heating in I 
steam before sealing. 
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Chart 3. Heat penetration curves for pint and quart glass jars during heating in steam before sealing. 
high enough to insure an actual temparture as high as  1 8 0 ° F  w 
'ocessing is begun, if  the meat i s  sealed quickly. 
This method of heating before sealing has several advantages. A 
lowing steam" is obtained, the cooker needs no attention until 
ne is up-a decided advantage over using pressure, as on many rar 
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ame needd frequent adjustment t o  maintain even pressure in the  
r and the pressure gauge must be watched constantly. The containers 
Iways full of liquid when the  lid is taken off the  cooker. The total 
required with "flowing steam" is about t h e  same a s  when pressure is 
since a fair comparison must include not only the time under pressure 
he 7 minutes allowed before closing the  petcock, the  time to  reach 
esired pressure, and t he  time to return to zero (compare Figs. 1 
). The total time for  No. 1 cans with pressure is 90 minutes, with 
ing steam" 60 minutes; for No. 2 cans with pressure o r  "flo.wing 
1'' 80 minutes; for  No. 3 cans with pressure 100 minutes, with 
"flonling steam" 106 minutes. 
When steaming is done over a low flame on a gas or  on a kerosene 
stove, the time required to obtain "flowing steam" may be as  much as  
2 or 3 hours. In  such cases the  time after "flowing steam" may be re- 
duced considerably (Figs. 4. 5, and 6 ) .  I n  fact, on an  old model kero- 
sene stove, the meat had reached the desired temperature by the t ime 
"flo~ing steam" was obtained ( 3  hours). However, the  conditions vary 
so much among different stoves tha t  no recommendations can be made. 
A temperature of 180°F when processing begins is higher than is fre- 
quently recommended but is practical if this method of heating before 
sealing is used and the  cans or jars  a r e  sealed quickly and replaced im- 
mediately in the hot cooker for  processing so tha t  the internal tempera- 
ture of the containers does not  drop below 180°F  before processing 
begins. If the containers cannot be sealed as  soon as  "steaming time" 
is nn, sealing within 30 minutes will still give a high enough sealing 
I 1 I 1 
Kerosene stow 22 Low gas flame 
1 2 
Time in hours 
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Chart 4. Heat penetration curves for Wo. 1 cans during heating before seallng 
kerosene stove and over low gas flame. 
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Chart 5. Heat penetration curves for No. 2 cans during heating before sealing 
on kerosene stove and over low gas flame. 
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Chart 6. Reat penetration curves for No. 3 cans 
during heating before sealing on low 
gas flame. 
temperature provided the containers are left undisturbed in the closed 
cooker (Fig. 7 ) .  
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Chart 7. Cooling curves of cans under different conditions. A. On table 
-' -oom temperature. B. Left undisturbed in closed cooker. 
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: D L L u l ~ c a t  safe processing period for ground meat in  sealed cans 
3sted in two ways. In  the first, now to be described, heat  penetra- 
iata were obtained and used to calculate the time needed to de- 
spores of Clostridium botulinum. 
~~d rmocoup l e s  and stuffing boxes for the  pressure cooker, cans, and 
jars, were constructed for use in measuring heat  penetration. The di- 
rections given by Bigelow ( 2 )  were followed as closely as  possible. At 
first, the thermocouple readings were made with a Leads Northrup po- 
tentiometer and the millivolt readings converted into degrees centi- 
grade. Later, the work was speeded up greatly by substituting for the  
potentiometer a Celectray recording device equipped with four  thermo- 
couple lead wires which recorded t he  temperature on a chart.  When 
this instrument was obtained, the thermolite rods through the  stuffing 
boxes (recommended by Ball) were discarded because the asbestos cov- 
ering on the wires of the new apparatus prevented injury during tight- 
ening of the stuffing boxes. 
Two thermocouples were led into the  pressure cooker by a shank type 
stuffing box attached to the  lid. One of them was short for determin- 
ing the temperature of the  cooker, the  other long and equipped with a 
flat type stuffing box for determining the temperature inside the can of 
meat. Since the lid on tin cans could not be sealed with the stuffing 
box in place, a small round hole was cut in the center of the lid of 
the test can to permit inserting the  thermocouple after sealing. The 
flat type stuffing box could then be soldered to the lid, closing the  hole 
completely. Soldering the stuffing box to  the  can of hot meat proved to  
be a very trying procedure. The heat  from the  soldering iron over- 
heated the contents a t  the top of the can forcing the greasy broth through 
the liquid solder. Unless this was removed completely, the solder would 
not hold. Frequently a can, which seemed sealed when placed in the 
cooker, was leaking when removed from the  cooker after processing. 
This necessitated many runs before da ta  on a perfectly sealed can were 
obtained. 
This difficulty was not present in the trials with glass jars. A square, 
u-ide mouth, glass jar having a glass top and screw band was used. A 
NO. 635. TRIMENT STATIOS 
hole was drilled in the  glass top with emory dust and a shank type 
stuffing box was attached with gaskets and screwed tight', easily forming 
an  airtight junction. 
Heat penetration tests were made a t  1 5  pounds pressure for No. 2 
tin cans and pint and quart  glass jars, and at' 1 0  pounds pr 
2 cans on a gas stove and on a n  old model kerosene stove 
)r No. 
Results from Heat Penetration Tests 
Heat  penetration data a r e  given in Tables 1-3 inclusive. Safe 
processing periods were calculated from the heat  penetration data by the 
National Canners Association, using the  method developed by Ball (1). 
(Such calculations a r e  made routinely by the  National Canners 
ciation from data collected on industrial packs but previous to  thc 
this work was planned they had not  had access to  such data on 
made according to home canning procedures.) 
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With 15 pounds pressure. Heat penetra,tion data for ground meat in 
No. 2 cans a r e  given in Table 1. Calculations showed tha t  the No. 2 
cans would require processing a t  1 5  pounds pressure for 50  minutes to 
destroy spores of Clostridium botulinum. 
Heat penetration data were not obtained for No. 1 an 
Bigelow ( 2 )  .gives a table of factors for estimating safe pr 
d No. 2 
ocessing 
cans. 
times 
Table 1. =eat Penetration Data for No. 2 
Cans at  15 Pounds Pressure 
Temperature " C 
Time - 
in minutes I Pressure 
cooker 
Center 
of can 
TaE 
Time 
in minu 
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rle 2. Reat Penetration Data for No. 2 Cans a t  101 Pounds Press 
I Temperature "G 
~ 
tes / Pressure ! Center 
- 1 cooker of can 
'I ime 
in minutes 
Temperature "C 
- 
Center 
of can 
for various sizes of cans, if the  correct' time for one size is known. Mul-  
tiplying the Bigelow factor 1.5 by 50 ( the  processing t ime required for 
No. 2 cans) gives a n  estimated processing period of 75 minutes for No. 
2 cans. The Bigelow factor 0.6 times 50 gives a n  estimated processing 
period of 30 minutes for No. 1 cans. 
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Heat penetration data for ground meat in  pint and quart  glass jars  
obtained but the National Canners Association was swamped with 
gency measures when these data were ready. Since the  volumes of 
jars a re  similar to  No. 2 and No. 3 cans respectively, they were 
assumed to require similar processing times. Glass heats more slowly 
than tin but tin cans a r e  cooled quickly and thoroughly in cold water 
immediately after processing, while glass jars a re  allowed to  cool slowly 
in the cooker until bubbling stops then the cooling is continued i n  air  
at room temperature. Since the heat  penetration tests showed tha t  t he  
temperature ins!de the glass jars when the pressure gauge returned to  
zero was 106°C or 107°C (corresponding to about 4 pounds pressure), 
the slow cooling would allow further  sterilization to take place. This 
cooling i s  not practiced in commercial canning and  the  formula 
for calculating safe processing times makes no provision for in- 
ng this part  of the sterilization period. Calculated processing peri- 
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Table 3. Heat Penetration Data for No. 2 Cans at 10 Pounds Pressure 1 on an Old Mo'del Kerosene Stove 
ods based on heat  penetration studies of meat canned in glass jars, 
fore, would be somewhat higher than the minimum. 
there- 
Time 
in minutes 
0 
2 
4 
6 
8 
10 
1 2  
1 4  
16 
1 8  
20 
22 
24 
20 
2s 
30 
3?] 
34 
36 
3d 
40 
42 
44 
46 
4 9  
50 
52 
514 
56 
58 
60 
62 
Gi 
66  
68 
50 
7.2 
74 
76 
78 
EO 
88 
84 
eo 
With 10 pounds pressure. Heat  penetration data for ground meat in 
No. 2 cans a re  given in Table 2.  Calculation showed that  l o 6  minutes 
mould be needed for  safe processing. 
Heat penetration data using .an old model kerosene stove a r e  given 
in Table 3.  Such stoves a re  sometimes used on Texas farms and ranches 
to  provide supplemental heating units when large amounts of canning 
must be done in one day. The laboratory experience was similar to 
that  in  the homes. I t  required 2 1/2 hours t o  reach 1 0  pounds pressure 
even with the  water in the  cooker boiling when the sealed cans were 
set in. (On such a stove 1 5  pounds pressure is exceedingly difficult to  
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Although the  slow rate  of heating for the  cooker was reflected 
! rate of heat penetration into the meat in  the sealed cans, yet a t  
me 10 pounds pressure (1160C) was reached in the cooker, the  
was actually a t  a higher temperature (109foC) than when the  gas 
(90-"C) had been used (compare Tables 2 and .3). This would 
to indicate tha t  less than 100 minutes a t  10 pounds pressure would 
destroy the spores of Clostridium botulinum when a kerosene stove is 
used. But when the data were submitted to the  National Canners As- 
sociation they reported tha t  this method of processing was "impractical," 
and did not give any calculated processing time. Other reasons' (given 
also caused the authors to  agree that  no recommendations should 
~ d e  for this type of process. 
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Inoculation Tests 
:e the deadly toxin of Clostridium botulinum is produced when vi- 
{pores grow inside the  sealed cans, the  processing t ime must be 
?nough t o  destroy the viable spores. Inoculation tests should give 
this information but i t  is difficult to produce spore crops of strains of 
Clostridium botulinum having a high resistance to heat, even a medium 
resistance being difficult of attainment. Esty and Meyer ( 3 )  reported 
the maximum heat resistance of spores artificially produced under the  
favorable conditions for growth and heated in a phosphate solu- 
t pA 7.0 was: 
of s 
the 
Clos 
hv I 
can1 
pens 
4 minutes a t  120°C (248°F') 
16 minutes iit 115°C (239°F)  
32 minutes a t  110°C (230°F)  
100 minutes a t  105°C (221°F)  
330 minutes a t  100°C (212°F)  
Yet the knowledge of the maximum resistance i n  meat of naturally oc- 
curring spores is of major importance in determining adequate steriliza- 
tion processes. As a result another organism was needed similar in its 
growth requirements to Clostridium botulinum and a t  the  same time 
haring the ability more readily to  produce spores of comparatively high 
heat resistance. Townsend, Esty, and Baselt (10)  made heat  resistance 
studies on spores of putrefactive anaerobes to  determine safe processes 
in c a ~ n e d  foods. They reported tha t  P. A. No. 3679 was the most suit- 
able organism yet found as  a substitute for Clostridium botulinum and 
"processes for canned foods based on spoilage data obtained by the  use 
,uspensions of No. 3679 of a resistance in phosphate equivalent t o  
maximum for Clostridium botulinum should be on the safe side for 
tridium botulinum." The organism has  since been widely used 
aboratories connected with the  canning industry in experiments on 
led foods. It was the organism used in this study. The spore sus- 
;ion was obtained from the  National Canners Association. 
EXAS AGI 
Four processing periods for  each size of can or  jar were used in 
inoculation tests to provide a t  least one pack above and one below 
lowest point a t  which viable spores would be  found. (This point 
heen determined previously by calculation from heat penetration 
r by other ways of estimation). Control cans or jars which were 
noculated were processed in each cooker with the inoculated ones. 
culations were m'ade with a suspension containing 10,O 0 0 spores 
milliliter. For  No. 1 cans 0.5 ml. was used, No. 2 cans and pint 
ml., No. 3 cans and quart  jars 1.5 ml. After heating but just be 
ealing the  spores were placed in  the  center of the cans and jars wi 
ipette. Inoculation a t  this point made certain tha t  all of the SF 
emained in the  container. Inoculation before the steaming pe 
lrould have raised the question of whether or how many spores ' 
 st in the meat juices which spilled out of the full container during 
,,andling necessary for sealing. 
After processing, the  tin cans were cooled quickly in cold water 
t he  glass jars were allowed to cool in  air  a t  room temperature. A 
the  cans and jars af ter  cooling over night to room temperature 
@tored a t  95-98°F. 
jars 
!fore 
th a 
bores 
Those tha t  showed no external evidence of spoilage (bulging or v 
ble gas bubbles) af ter  several months of storage were cultured in t 
tboratories of the  Division of Veterinary Science to determine the p r ~ -  
nce of viable spores. The t\est for viab!e spores was carried out as 
~ l l ows :  Dextrose-meat-mash media was placed in long narrow tubes 
20 x 200 mm) ,  heated just prior to  inoculation to drive off any oxygen 
hat might be present and cooled rapidly to 35°C. Control tubes of tl '- 
iedium, using unheated spores of P. A. No. 3679, showed luxuria 
rowth as  evidenced by gas formation, clouding of the supernatant flu 
nd a marked offensive odor. The containers of meat were opened as( 
ically. One milliliter of meat  particles and broth was placed deep into 
he tubes containing the  media, care being taken to introduce no air 
ubbles a t  the  time of transfer. Short lengths of sterile glass tubing 
rere used as  pipettes in making the  inoculations. All tubes were held 
1 the incubator a t  37°C for 7 days before being discarded. However, 
9e positive chltures usually showed up within 24 to 48 hours, only one 
howed up as  late as  7 2  hours. 
nis 
~ n t  
id, 
?p- 
is- 
.he 
PS- 
Since the  processing' period a t  10  pounds pressure as  calculated by 
ne National Canners Association was 100 minutes the method using 10 
ounds pressure was considered impractical under home canning condi- 
.ons and no inoculatioxi tests were made. 
No inoculation tests were made in cans processed on the  kerosene 
tove. Each kerosene stove would present a different problem and it 
,as deemed impossible to  make recommendations which would apply to 
ach. 
IEATS 3 s  FOR SAFE PRtOCE8SING O F  HOME CANNED b 
Results from Inoculation Tests 
an spores from P. A. No. 3 6 7 9  were used,- the  data (Table 4 )  
that using a temperature as  high a s  1 8 0 ° F  when processing begins and  
a processing pressure of 1 5  pounds, the lowest point a t  which viable 
spores were absent is: 4 0  minutes for No. 1 cans, 5 0  minutes for No. 2 
cans, 75  minutes for No. 3 cans, 5 0  minutes for pint jars and 6 5  minutes 
for quart jars. These are the  lowest safe processing times for c 
gi-ound meat as  determined in this study. 
Table 4. Spoilage Tests of Canned Meat Processed a t  15 Pounds PreS 
No. of cans No. of cans containing viable s] 
Procms- stored Length 
of Inoculated 
ta jner cookers time storage Con- 
rlze full min- Con- 1 Inocu- a t  98°F trols Positi--' 
i es trolb lated (37°C) cultu1 
pores 
.L c1- I cent- 
age 
Glass Jars 
2mo.  0 
2mo.  (i 
Zmo. 0 
2mo. 0 
3mo.  0 
3 mo. 0 
3m0.  0 
3m0.  0 
Bubbles 
0 12 
0 2 
0 0 
0 0 
0 2 
0 0 
0 0 
0 0 
0 
0 
0 
0 . 
0 
0 
0 
0 
0 
a 
0 
0 
Discussion 
20 
40 
50 
30 
40 
50 
60 
f 1  1 
' 1 1  : 
( 1  
I 
Comparisons were made between the  calculated processes and those 
determined by inoculation tests. For  No. 2 cans the  National Canners 
Association had calculated from heat pentration data tha t  5 0  minutes 
would be required to kill the  spores of Clostridium botulinum, inocu- 
lation tests showed that' 50 minutes was the  lowest period a t  which no 
viable spores were found. For  No. 3 cans the estimations using t he  
lwk. 
3 mo. 
3 m o .  
5mo.  
5mo.  
5mo.  
5m0.  
5 mo. 
55 21 
3 n 
21 
21 
12 
12 
12 
12 
8 
8 
Y 
10 
2 {  
106 
8 
0 
0 
95 
2l 
0 
0 
Bulged 
24 
0 
0 
0 
10 
0 
0 
0 
4 
0 
0 
0 
2 mo. 
a m o .  
2mo.  
a mo. 
24 
24 
2 4 .  
23 
22 
24 
23 
22 
1 2  
1 
I 2  
-- 
2 
0 
0 
11 
5 
0 
0 
9 
4 
0 
0 
24 
2 
0 
0 
2l 
5 
0 
0 
13 
4 
0 
0 
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Bigelow factor gave 75 minutes and 75 minutes was the lowest process- 
ing period a t  which no viable spores were found in inoculation tests. 
However, for No. 1 cans the estimations using the Bigelow factor gave 
30 minutes but the  inoculation tests  showed tha t  40  minutes was the  
lowest processing period a t  which no viable spores were found. 
Experience showed tha t  in  some of the glass jars the seal was broken 
when the  jars were removed from the  cooker. Heat penetration tests 
showed tha t  when the cooker was opened after processing, the  t'empera- 
tu re  inside the  glass jars corresponded to about 4 pounds pressure. 
This pressure, seemed sufficient for a sudden jar to cause the  softened 
rub.ber to  bulge outward and break the  seal. For  this reason it  is rec- 
ommended tha t  the  glass jars be allowed to  remain undisturbed in the  
open cooker until the  liquid inside stops bubbling. Then they may be 
removed and the  cooling finished in air a t  room temperature. 
When processing times a r e  to be recommended to the homemakers 
the  minimum periods necessary to destroy spores of Clostridium botu- 
linum must be taken into consideration. However, since i t  is difficult 
under home conditions to  know when slight inaccuracies occur in the 
pressure gauge, i t  seems wise to  recommend t he  use of processing periods 
1 0  minutes longer than those found to be the  minimum. 
The following factors of safety a re  present in  the recommended 
processing times: 1. Heavy inoculation of viable spores. 2. Since 
spores were placed in cans or  jars  after steaming and just before sealing, 
they were not subjected to  the heat treatment involved in "heating before 
sealing" which might have made them somewhat more susceptible to 
the  higher temperature later. 3. Actual spoilage of meat in  the cans 
was no t  found a t  a level twe,nty minutes under the recommended level. 
4. , Viable spores were not  found a t  a level ten minutes under the rec- 
ommended level. 
I t  should be noted also tha t  the toxin of Clostridium botulinum is 
thermolabile, the toxic properties being destroyed a t  8 0 "C ( 1 7  6 OF) in 
30 minutes. Thus if the  canned meat is thoroughly heated just before 
i t  is eaten, any toxin present will be destroyed. 
Hall ( 4 )  who reported details of several cases of botulism observed 
from his s tudies ' that  there seem to be three distinct groups of house- 
wives : 
Those. who are  well grounded in the fundamental principles 
of. bacteriology as  applied to home canning; who intelli- 
gently use controlled steam pressure; who are ever con- 
scious of the danger of botulism in spoiled canned foods; 
and who always recook all canned foods before serving 
them. These housewives and their fa,milies rarely, if ever, 
die from botulism. 
* 
2. A very large number of women who have little or no knowl- 
edge of bac'teriology; who use antiquated "cold-pack" 
or  other  inadequate methods of canning; and who having 
much spoilage, a re  vaguely conscious of an  ill-defined ele- 
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meat 
ment of danger which they attempt to  avoid by tasting each 
jar of food before serving it .  No doubt thousands of jars 
of perfectly harmless spoiled home canned foods a re  dis- 
carded as  a result of this common practice, but from time 
to  time a jar is encountered which contains botulinus toxin 
resulting in the death of the  human guinea pig and often 
domestic fowls and other animals as  well. In  these cases 
the other members of the family generally do not suffer. 
3.  The third group consists of people who are  a t  the  bottom 
of the ladder educationally, socially, and economically; who 
use the crudest methods of h'ome canning; who seem to 
be oblivious t o  the danger of eating spoiled foods; and who 
will apparently eat  anything tha t  looks like, food if they 
can get i t  down. Such foods may be highly seasoned or  
flavored to  mask spoilage. When botulism occurs under 
such conditions i t  usually takes a toll of several lives. 
search in home canning therefore must  be aimed to  benefit home- 
Irs who are capable of following directions carefully, such as  those 
e first group mentioned by Hall. I t  would be impossible t o  make 
recommendations for the  third group because of the  uncertainty 
an em would be followed. 
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SUMMARY AND RECOMMENDATIONS 
o periods of heating are necessary in canning meat;  the  first before 
~ g ,  for driving the air out  of the  cans or  jars to  provide a partial 
Im inside the sealed cans and the second, after sealing, for destroy- 
poilage organism inside the sealed cans. The Texas Agricultural 
ision Service has, heretofore, recommended tha t  both periods of 
ng be under pressure. Because of certain difficulties, Gxperiments 
set up to determine 1. an  adequate but  simpler procedure for  
11g before sealing, 2.  the shortest processing time which would 
oy the spores of Clostridium botulinum. These tests were carried 
v using heat penetration data and by placing live spores inside the 
iners of meat before processing. 
heating before sealing is done under pressure, the cooker needs to  
atched constantly. Some liquid is always drawn out of the  con- 
's which then need to be refllled before sealing-a messy and time 
~ning duty. Meat heated in boiling broth, in deep fat,  or  in an  
must be packed while the meat is hot and difficult to handle. 
is danger that  the meat temperature will fall below 1 8 0 ° F  before 
g. The method of heating in steam before sealing was found to be 
It l!fk the following advantages: containers a r e  packed with cold 
which is easy to handle, containers need only to be sealed after 
V NO. 635, TEXAS P 'ERIMENT STATION 
'Steaming time" (heating bef ore sealing) 
No. 1 cans ' 3 0 minutes 
No. 2 cans 60 minutes 
No. 3 cans 90 minutes 
Pint  jars 60 minutes 
Quart jars 80 minutes 
heating so tha t  i t  is easy to have the  meat temperature as  high as  180°F / 
Thc 
I 
when processing begins, the cooker is not under pressure and therefore 
does not need constant watching. 
The shortest safe processing period for the  sealed cans was tested in 
several ways. 1. By using the heat penetration da ta  to calculate the 
t ime needed t o  destroy the  spores of Clostridium botulinum. These 
calculations were made by the  m t i o n a l  Canners Association according 
to a complicated mathematical formula previously worked out and tested 
under commercial canning conditions. 2. A short method of calculating 
was used after the safe processing period had been determined for one 
size of can. 3. The calculated processing periods were then checked by 
using cans of meat  inoculated heavily with spores of P. A. 3679, an 
organism whose spores a re  similar to  those of Clostridium botulinum in 
heat resistance but a re  more uniform in their high heat resistance. The 
containers were processed a t  four 'different time levels for each size of 
jar o r  can so tha t  a t  least one pack would be above and a t  least one 
below the  point a t  which no viable spores were present. Growth of the 
organism took place a t  t h e  lowest level in  the  cans causing them to bulge. 
A foul odor which was unmistakable was present also. With a longer 
"Processing time" ( in sealed containers a t  15  pounds pressur 
No. 1 cans 50 minutes 
No. 2 cans 60 minutes 
No. 3 cans 85 minutes 
P in t  jars 60 minutes 
Quart jars 7 5  minutes 
1 
When "steaming time" is  over, seal immedia<tely, put  hot sealed con- 
tainers immediately into a hot pressure cooker, and begin processing 
as quickly as possible. This assures a temperature of 1 8 0 ° F  inside the 
containers when processing begins. 
When the  pressure on the gauge returns to zero, cool the tin cans 
quickly and thoroughly in  cold water but allow the glass jars to remain 
undisturbed i n  t he  open cooker until  the liquid inside stops bubbling, 
then finish cooling in the air  a t  room temperature. 
period of processing no spoilage took place but viable spores were pres- 1 
en t  in  a small percentage' of the  containers. No spoilage was observed 
in any of the  glass jars but viable spores were found a t  the lowest levels. 
With the  two or  three still longer processing periods no  viable spores 
were found. The lowest level a t  which no viable spores were found is 
considered t h e  lowest safe processing period, but  ten minutes is added 
to  i t  as  a factor of safety in making recommendations. 
3 two heating periods recommended are:  
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